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8 g ◦ f = idD⊥

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f = g = idD′
7
fX = {(x, x) ; x ∈ X} : X → D























































8 D0 = A⊕ (1⊕⊥)

8 Dn+1 = D0 ⊕ ((Dn ⊗Dn)⊕ (Dn `Dn))⊕ (!Dn⊕?Dn) Ä
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(+, ∗)⊥ = (−, ∗)
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(+, y)⊥ = (−, y⊥)
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f = g = {(x⊥, x) ; x ∈ D} : D → D
fX = {(x, (+, x)) ; x ∈ X} : X → D
¢§iku
X ∈ {D ⊗D, 1, !D}

fX = {(x, (−, x)) ; x ∈ X} : X → D
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e(c) = (+, [eo1(c
















































(c1, . . . , cn)
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(−, 2[x] + 2[y]) ,
(







(−, [x1, . . . , x4]) ,
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c1, . . . , cn
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o, . . . , em : pi
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e(o) = [e1, . . . , em]
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i0 ∈ {1, . . . , n}
$
τ(y)i0 = σ(yi0 )
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x = (p, y, z)
$²À§¼Vº




x = (p, [x1, . . . , xm])
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, s (eu) = 3
·ceTVX#
s (e) = 8 + 18 = 26
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s (e) ≤ s (|e|)
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k = n− 1
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T@a F~ueXIaflmboXZG −→e : pi′
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s (−→e ) = s (e)−2



















|−→e | = |e|
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s (e′) + 2
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bX#±VX −→e : pi′
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XhafXcI³ −→e (d′) = e(d)
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e′ (d) = e′(d′)
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d 6= a, b
¦§ueXIafq|¨
←−
e′ (o) = e′(o′)
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(+, ∗) (+, ∗)
(−, 2[(+, ∗)])(
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−, 2[x⊥] + 2[y⊥]
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−→e (d′) = e(d)
 −→e (l′) = e(l)
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|−→e | = |e|
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s (−→e ) = s (e)− 2
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e′ (d) = e′(d′)
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e′ (o) = [ ]
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i ≤ m+ 1
ÄVjmXc
e(ci) = (−, µi)






 = e(b) = e(a)⊥ = (+, [eo1(ao), . . . , eon(ao)])⊥
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f : {1, . . . , n} → {1, . . . ,m + 1}
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i ∈ f−1(j), 2 ≤ j ≤ m+ 1]
)














































j ≤ m+ 1, i ∈ f−1(j)
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= s (e) + 2
 i?Å·ceT?c1ÅﬃXxTO@XxafoTkX£bq*X#uel¤W4XI@c
ê






























ikgVcelm((X£bq*X#uel¤W4X#/c −→e : pi′
a#¨ cI¨m³












|−→e | = |
−→
ê | = |ê| = |e|
7






















































ﬀºLÀ§¼Vº fº¿Á¾ êÀ 









À§¼Vºfº	Â¡¿ −→e : pi′
¿+&mÀ &
|e| = |−→e |
$ ½ 
















































































































































¨{°ceTVX	±7uea~cx#@a~X@Ä7afXcN³ −→e (d′) = e(d)
¦µufXNa~q¨
−→e (l′) = e(l)
® VlmﬀcfTVX	afXI#ikﬀ#@a~X@³ −→e (d′) = eo(d)
¦§ueXIafq|¨ −→e (l′) = eo(l)
®Á¨
w j¤XNuej¤_
|e| = |−→e |
¨ [BikueX#i?kXIu¥Vicelm#XcfT7?c

















































































e′ (d) = e′(d′)
¦§ueXIafq|¨
←−











e′ (o) = [eo]
Ä
←−



























































































































































¨xYbiafXcI³ −→e (d′) = e(d)
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êj (̂b) = e
u
j (c


































= s (êj)− 2
¨
Çlmkj¤jm_LÅﬃXG#k\#ikW4qVjmXceXcfTVX=VX±Vl¤cflmikik¢ −→e
ÄNg/_Ca~X#c~cel¤V7³ −→e (u′) = [eu
′







|e| = |−→e |
¨GzXc
oaqVuei?kXCl¤7adceXIk!cfT7?c
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pi  ∗h pi0
Â  $ ½  






























































































































s (|e|c1,...,cn) = s(
½?À























































{s(|e|); e : pi}
lmWqj¤lmXIaxcfT7?c
s0(pi) = s(|e|) = s(flat(pi))
¦§g`_
Çkch  k®¨	ÇVueikW [lm
{s(e) ; e : pi} = s(|e|)
ÄÅ XhcfTVXI­bXNbo#XceT?c[lm










































































(R) = n > 0
ÄHl9¨ X@¨





RX#£bq7XIuflmW4X#/c −→e0 : pi1
aI¨ cN¨
|−→e0 | = |e0|
Ä|7




cfTVXIPcfTVXIufX¥X#£blma~cea ←−e1 : pi
aI¨ cN¨





















Min{s (e) ; e : pi1} = s (
−→e0)
®Á³
n− 1 = (s(−→e0)− s0(pi1))/2
= (s(e0)− 2− s0(pi))/2
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z ∈ D0 = A⊕ (1⊕⊥)
! (p, (x, y)) = !x∪!y
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i ∈ {1, . . . , n}
&
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c1, . . . , cn
¿Á¾ ¼ªÀ¯¼½?À
























































































































































































































pi  ∗s pi0
Â  $ﬃ½  













































































ikouCueXIafoVj¤cI³xÅ X4a~Ti?Å TVi?Å X#£`q*X#uelmWXI/cea\jmj¤i?Å ceiﬀ#ikW4qVobceXcfTVX4qVueXI#lmafXh`oVWg7XIuCik¢
a~cfu?cfl¤±XN#obc~rtX#jml¤W4lm?cel¤i@adceX#qa1ik¢klmkXI!qaI¨














































































































































































(R) = (s(e0)− s1(pi))/2 .
	






















z|XIW4W4 /bÄ`ceTVX#ueXlmaL(X£bTkoadcel¤@X\X£bq7XIuflmW4X#/c −→e0 : pi1
afoTcfTc
















































n− 1 = (s(−→e0)− s1(pi))/2
= (s(e0)− 2− s1(pi))/2
= (s(e0)− s1(pi))/2− 1 .

!Ì «b& 	  *¼ºh¿½4º½O¿ xº:¥½   4¼X
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x1, . . . , xn, x
′
1, . . . , x
′
n′ , x ∈
D
¿Á¾ ¼ÆÀ§¼V½?À
(x1, . . . , xn, x) ∈ JpiKc1 ,...,cn,c
½ 
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y = (x1, . . . , xn, x) ∈
JpiKc1 ,...,cn,c
½ 




































{s(e) ; e : (pi|pi′)c,c′} − s0((pi|pi
′)c,c′))/2
≤ s(e′′)/2
= (s(e) + s(e′))/2







= (s(y) + s(y′))/2 .









y = (x1, . . . , xn, x) ∈ JpiKc1 ,...,cn,c
k
y′ =




















































g/_­ ` kÆ ⊗ ka pi′ ¦¯cfTXLF η r9X#£`q7afl¤i@HGik¢ﬃP£`lmikW®¨¥{°3ceTVl¡a	#@a~X@ÄikXT7ka
[l¤








{s(e) ; e :
pi}+
[Bl¤
{s(e) ; e : pi′} = s(pi) + s(pi′)
¦§W4ikueXqVueXIl¡afX#jm_[lm
{s(e) ; e : pi} = s(pi)
ﬀ[lm

































































































qku~ci¢Y`XIcflmik­³CÅ X4i@Vj¤_Roa~XceTVX4Vicel¤i@3ik¢ XIn/oVlm?jmX##X4g7X#cdÅ XIX#­X£bq7XIuflmW4X#/cea






































s(e′) = s(|e′|c1,...,cn)− k
½ 








































e(o) = [e1, . . . , em]
¨Bz|X#c




















σj(|e′j |) = |ej |
¨NPxX±X
















σj(|e′j |) = |ej |
¨²Y`lmX
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j ∈ {1, . . . ,m} s(e′j) = s(|e
′



































































j |) − k) = 1 +∑m
j=1 s(|e
′








































S1TVXRueXI@bX#u!afTVi@oVjm¹Vicelm#XBcfT7?clm ceTVXRqVuei`i¢	ik¢hz|X#W4W¥P@«Å X3oafXI lmª
XIaea~XI@celmkj=Å1O_BceTVX¢µ@Ác	ceT?c







x ∈ Aj1 ∩ Aj2















































Sn s.t. σ(|e′|c1,...,cn) = |e|c1,...,cn}
¨ ﬃ_z|XIW4W4R&JkBÇ7kÁcKCbÄ

































































þbØﬃúÚ%ÁÞ|ò-èOÞdñ9ÞàdØÁú÷OùNò9Úeò-ÛÝØÁÜOñ|ÞfÚñµáßOÙµÞ~úÞdú 'kÞdÙò9è?Úeò~ßOë¤ØÁÙHÞ°çÞdÙµá x ∈ D ß s(x) ÛÝñHò-èOÞÜ#ùOú 'ÞdÙHØë
























































{s(|e′|) ; e′ ∼ e
k
∃σ ∈ Sn s.t. σ(|e′|) = |e|} ≥
[lm
{s(|e′|) ; ∃σ ∈








































































































































s(e) + s(e′) ;
aI¨ cN¨
∃e : pi, e′ : pi′,
∃x1, . . . , xn, x, x′1, ..., x
′
n′ ∈ D
































(x1, . . . , xn, x) ∈ JpiKc1 ,...,cn,c















s(y) + s(y′) ;
aI¨ cN¨






∃(x1, . . . , xn, x) ∈ JpiKc1,...,cn,c









∃σ ∈ Sn+1, σ′ ∈ Sn′+1
ÄaI¨ cN¨
σ′(y) = (x1, ..., xn, x)











s(y) + s(y′) ;
a#¨ cI¨






∃σ ∈ Sn+1, σ

































































c′1, . . . , c
′
n′ , c
′ ﬂ/& H¼Vºfººe»@Â¡¿À x1, . . . , xn, x
′
1, . . . , x
′
n′ , x ∈
D
¿Á¾ e¼PÀ¯¼½?À




(x′1, . . . , x
′
n′ , x
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S1TVXkj¤i@koVXﬃi¢HS1TVX#i@ufXIW  CTVi@jma#Äk@a²C±uadcGi@afXIn/oVX#7X1i¢ES1TVX#i@ufXIW k³g`_
oa~lmVﬀqVoVueX#jm_Ba~XIW¥/cfl¡hVce@a#ÄHÅﬃXIRg*ikoceTVX4/oWhg*X#uCi¢ a~cfu?cel¶±XNBueXIbo7Ácflmik































































y′ = (x′1, . . . , x
′
n′ , x





























¨  XT7OkXCg/_ﬀS1TVX#i@ufXIW k³
j¤XIVceT
(R) ≤ s(e′′)/2
= (s(e) + s(e′))/2





































































































































s(e) + s(e′) ;
aI¨ cI¨
∃e : pi, e′ : pi′, ∃x1, . . . , xn, x, x′1, ..., x
′
n′ ∈ D


























{s(e) ; e : pi

|e|c1,...,cn,c = (x1, . . . , xn, x)}+
[l¤























s(y) + s(y′) ;
aI¨ cI¨






∃(x1, . . . , xn, x) ∈ JpiKc1 ,...,cn,c,













1 ≤ i ≤ n,
1 ≤ i′ ≤ n′
7
∃σ ∈ Sn+1, σ′ ∈ Sn′+1
ÄVa#¨ cI¨
σ′(y) = (x1, ..., xn, x)
k











s(y) + s(y′) ;
aI¨ cI¨
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